Abstract
INTRODUCTION
Autosomal dominant polycyst liver disease (APLD) is a genetic heterogeneous disorder characterized by progressive development of multiple fluid-filled, biliary epithelial liver cysts [1] [2] [3] [4] [5] , and is frequently associated with automsomal dominant polycystic kidney disease [5] [6] [7] . Most cases of APLD are asymptomatic and do not require surgical treatment. However, a number of patients with highly symptomatic cystic hepatomegaly or with a complicated presentation would benefit from surgical decompression of the hepatomegaly [8] . Currently, there is controversy over what is the most appropriate therapeutic approach for APLD. Transient improvement with non-surgical treatment such as sclerosing agents has been reported [9, 10] . Surgical therapies include laparoscopic fenestration [11] [12] [13] [14] , open fenestration [15] [16] [17] [18] , liver resection and fenestration [19] [20] [21] [22] , and liver transplantation [23] [24] [25] [26] . In 1997, Giot et al [1] recommended a stratification scheme for the most appropriate surgical approach. In the present study, we evaluated outcomes in patients with APLD treated by combined hepatic resection and fenestration, and provided a new classification to presume the postoperative complications and long-term outcome of patients with APLD. Eleven patients had received treatment previously, including percutaneous cyst aspiration with alcohol sclerotherapy in eight patients, laparotomic fenestration in two patients, and laparoscopic fenestration in one patient. Liver function tests were essentially normal, except for mild elevation of serum alkaline phosphatase in two patients, glutamyltranspeptidase in five patients, hypoalbuminemia and hyperbilirubinemia in four patients. All patients underwent an abdominal computed tomography (CT) scan in order to delineate cyst distribution, assess portal vein patency, and provide baseline measurement for follow-up comparison in each patient. Since some of the patients in our series were not appropriate for Giot classification [1] , a new classification of APLD patients that is different from Giot classification was recommended. This new classification involved a preoperative evaluation of the number of deep cysts in the liver parenchyma that could not be treated during operation. Based on the preoperative evaluation, APLD patients were classified into two types: Type A, with a small number of cysts that could not be treated and left in the deep site of the liver parenchyma (usually ≤ 15),and Type B, with a large number of such cysts (usually ≥ 15). For each type, according to the location of cysts diffused in the liver, they were further classified into three grades: Grade Ⅰ included patients with diffused cysts occupying less than one lobe of the liver; Grade Ⅲ was a severe form of APLD with liver parenchyma involving fewer than 3 segments; and Grade Ⅱ was the grade between Grade Ⅰ and Ⅲ, where liver parenchyma was limited in the right lobe or left lobe of the liver, or involving 3-4 segments, but not limited in one lobe of the liver (Figure 1 ).
MATERIALS AND METHODS
Preoperative preparations of each patient included: electrocardiography (ECG), gastroscopy and pulmonary function, major medical contraindications for surgical resection were identified, and specific hepatic factors were evaluated. In 13 patients, prothrombin time (PT) was prolonged (within 3 s above the normal reference). Venous catheterization was also important with these patients. The abdomen was explored through a bilateral subcoastal incision. The hepatoduodenal ligament was explored to provide access to vascular clamping areas and to identify major vascular and biliary structures. The liver was mobilized by the division of hepatic peritoneal attachments, which was facilitated by sequential fenestration of accessible cysts according to the Lin technique [15] . Liver segments spared of cystic involvement were identified to define limits of resection. No anatomic segmental or lobar planes were removed even if cysts distorted the normal anatomy. Liver segments spared of cystic involvement were identified prior to parenchymal transaction to define limits of resection. Significant islands of functional liver parenchyma were preserved when possible. Two to five segments were resected during operation. After resection of the major cyst segments, extensive fenestration of the residual cysts in the parenchyma was addressed by excision of the cyst walls. Using cautery, the transection plane was developed further by division and excision of the inter-cystic septa [27] . Vascular and biliary radicals that coursed through the cyst septa were lighted as indicated. Finally, cyst cavities exposed to the peritoneum were fulgurated by argon beam coagulation (Bard Electromedical Systems, USA) in 15 patients in an attempt to ablate secretory epithelium and reduce postoperative peritoneal fluid losses [28] . The portal vein, hepatic vein and small bile duct were identified and carefully protected in order to avoid hemorrhage and bile leakage. Cholecystectomy was performed in seven patients. The hepatic resection beds were drained by two large closed suction drains. Eighteen patients were monitored in the intensive care unit. Both colloid and crystalloid fluids were used for volume replacement to compensate for expected postoperative fluid losses and excessive peritoneal drainage. Fluid maintenance and hemodynamic balance were aided by central venous pressure. Postoperative blood gas analysis was examined in all patients. All patients were followed-up through either telephone calls or at clinical visits. Special data included CT scan and current hepatic and renal function test. SPSS 10.0 was used for statistical analysis.
RESULTS
No patient died during the operation. All 21 patients were discharg ed from the hospital free of the preoperative symptoms. The mean postoperative hospital stay was 15. Eight patients were successfully managed with diuretics and drainage was achieved within one week. Nine patients had pleural effusion, of which 6 patients needed thoracentesis due to chest distress. Bile leakage occurred in two patients. Postoperative hemorrhage occurred in one patient. The overall morbidity rate was 76.2%. There was a morbidity rate of 38.1% for complications that required special treatment. These included severe ascites, bile leakage, hemorrhage, and pleural effusion. The mean follow-up duration was 60.7 mo (median, 59; range, 10-155 mo). Two patients died of renal failure due to polycystic kidney disease at 137 and 85 mo after operation. Three patients had recurrence of the symptoms at 81, 68 and 43 mo after operation with a recurrence rate of (3/21) 14.3%. Total bilirubin was slightly elevated in two patients. The symptoms (occasional abdominal swelling and abdominal pain) of three patients were not severe, therefore they received outpatient treatment.
Follow-up CT data were available in 19 patients, and lost in the remaining two patients who died. Six patients were classified as Type A, including three with Grade Ⅰ, one with Grade Ⅱ and two with Grade Ⅲ. Thirteen patients were classified as Type B APLD, including one with Grade Ⅰ, eight with Grade Ⅱ and four with Grade Ⅲ. The mean age, mode of presentation, duration of symptoms, mean operation time, intraoperative component transfusion and hospital stay were not significantly different between the two types.
Of the six patients with Type A in our series, three had mild ascites and one had pleural effusion after operation. None of the patients with Type A had severe complications. In patients with Type B in our series, one with Grade Ⅱ who received laparoscopic treatment 4 years earlier had massive hemorrhage after operation. Biliary complications occurred in two patients, including one with Grade Ⅱ and one with Grade Ⅲ. Severe ascites occurred in three patients with Grade Ⅲ and one patient with Grade Ⅱ. Eight patients had pleural effusion, including one with Grade Ⅰ, six with Grade Ⅱ, and one with Grade Ⅲ. Eleven patients had mild ascites, including two with Grade Ⅰ, seven with Grade Ⅱ, and two with Grade Ⅲ. Symptoms reoccurred in three patients with Type B, including one with Grade Ⅰ, and two patients with Grade Ⅱ. The follow-up ranged from 12 mo to 155 mo with a mean of 61.2 mo for Type A patients, and from 10 mo to 141 mo with a mean of 58.2 mo for Type B patients. There was no significant difference in follow-up duration between the two types. Postoperative complications and symptom recurrence based on our APLD classification are presented in Table 1 . 
DISCUSSION
APLD is a rare disorder usually associated with autosomal dominant kidney disease [7, 29] . An increasing prevalence is associated with age and female sex [30] . Symptoms usually arise from liver enlargement and compression of adjacent organs. Most symptomatic patients complained of an increasing abdominal girth and chronic abdominal dull pain. Liver enlargement may cause early satiety, respiration compromise, and physical disability. Complications such as portal hypertension, pleural effusion, esophageal varices, obstructive jaundice, hepatic failure and malignant degeneration are rare [31] [32] [33] . In patients with APLD, the optimal treatment is still under dispute. Percutaneous aspiration with alcohol sclerotheraphy seems valuable for solitary cysts but not for patients with APLD because cyst collapse may not be sufficient [9, 10] . In 1968, Lin et al [15] reported the use of a more extensive cyst fenestration procedure in three patients in whom successively deeper cysts were unroofed and drained through more superficial ones, resulting in a long-term favorable outcome. Kabbej et al [13] reported in a recent study that 13 patients with APLD underwent laparoscopic fenestration, with a symptom recurrence rate of 72％ during a mean followup of 26 mo. In patients with the majority of cysts in segments Ⅵ, Ⅶ, Ⅷ, and in patients with deeply seated cysts that are difficult to visualize and fenestrate with laparoscopy, the postoperative recurrence rate is usually high due to inadequate fenestration of all cysts [12, 14, 34] . Armitage et al [27] described a patient with APLD who was treated by partial hepatic resection and cyst fenestration in 1984. This procedure allowed for excision of most prominent cysts with minimal resection of the liver tissue, and the liver parenchyma was preserved as much as possible. Other reports have shown the feasibility of such an approach [11, [18] [19] [20] 35, 36] ( Table 2) . We have already reported seven patients with APLD who were treated by hepatic resection and cyst fenestration during a follow-up of 20.4 mo [22] . All patients were relieved of the symptoms after operation. Mild symptoms recurred in three patients, and symptoms were relieved after treatment in the ambulatory clinic at 6-mo intervals. The long-term benefit of combined hepatic resection and fenestration depends on whether there is a progressive increase in size of deep residual untreated liver cysts rather than new cyst development [1] . Our experience with the treatment of Type B patients also supports this conclusion. Current data of the natural history of autosomal dominant polycyst kidney disease (APKD) and APLD suggest that progression of cystic disease is slow, affording the possibility of prolonged benefit. Our experience with combined hepatic resection and fenestration shows that some patients with massive polycystic liver benefit markedly from this procedure. No patients with polycystic kidney disease had kidney failure during operation. Two patients in our series died of renal failure during the follow-up period due to polycystic kidney disease. Whether this operation technique affects renal function is still unknown.
According to our classification of APLD patients with Type A seemed less likely to have severe complications after operation. None in Type A had severe ascites or bile leakage in our studies. Patients in every grade with Type A, had more cysts to be resected than cysts to be fenestrated during operation. In addition, their cysts in the liver parenchyma were relatively superficial, and could be treated easily. After fenestration there was little difference in cyst epithelium areas exposed to the abdominal cavity in each grade of patients with Type A, so their ascites and pleural effusion occurrence rates were seemly no different after operation. Some Type A patients had small bile leakage or hemorrhage during the operation, but these were found easily during operation. In different grades, operative technical difficulties to repair these leakages and hemorrhages were different. Patients in Grade Ⅲ had large numbers of cysts to be resected or fenestrated, and vascular and biliary radicles coursing through the cyst septa were more difficult to recognize than those of patients in Grade Ⅱ or Grade Ⅰ.
Operative risk factors increased with increasing grades. Vascular and biliary radicals should be recognized and protected during operation to avoid injury, especially for patients in Grade Ⅲ.
In Type B patients, a proportion of cysts needed resection, but most cysts in the liver parenchyma could not be resected in order to preserve liver parenchyma as much as possible. Therefore, Type B patients had more cysts requiring fenestration, and cyst epithelium areas that were exposed to the abdominal cavity were also larger. Since cystic epithelium functions in secretion [37] , severe ascites occur more in Type B. Severe ascites was found in four patients in Type B, including three with Grade Ⅲ and one with Grade Ⅱ. Patients with Grade Ⅲ had more cysts to be fenestrated than patients with Grade Ⅱ, and patients with Grade Ⅱ more than patients with Grade Ⅰ during operation. Patients with Grade Ⅲ also had larger cyst epithelium areas exposed to the abdominal cavity than Grade Ⅱ, and patients with Grade Ⅱ more than patients with Grade Ⅰ after operation. We presume that patients with Grade Ⅲ are more likely to develop ascties than patients with Grade Ⅱ, and patients with Grade Ⅱ are more likely to develop ascties than patients with Grade Ⅰ. Bile leakage occurred in two patients in our series with Type B, including one with Grade Ⅲ and one with Grade Ⅱ. Patients with Type B had more cysts in the deep liver parenchyma. We attempted to fenestrate the cysts when possible, though it was dangerous to fenestrate deep interseptal cysts without sufficient exposure. Two risk factors may contribute to biliary complications. One is the possible injury to small biliary radicals on the surface of the cyst lining, when the cyst lining was fulgurated by argon beam coagulation to ablate secretory epithelium The other is that biliary ducts distorted in polycystic liver anatomy are usually difficult to identify, and likely to be injured within cystic septa during a fenestration procedure especially of deep cysts [1] . These two patients with peritoneal closed suction drainage had spontaneous resolution 27 d and 56 d after operation as identified by subsequent radiologic examination. Therefore we recommend a clearly routine examination on the wound surface to avoid missing the biliary ducts and veins which are possibly injured by the end of the operation.
Our classification of APLD applied the postoperative course which was uncomplicated in six patients with Type A, including three patients with mild ascites and one patient with pleural effusion. No patient in Type A had symptom recurrence in the follow-up period. In Type B, two patients had bile leakage, four had severe ascites, seven had pleural effusion, and three had symptom recurrence. Type A APLD patients may have good immediate and long-term outcomes, so we recommend a combined hepatic resection and fenestration. Symptom recurrence was related to a progressive increase in size of deep residual untreated liver cysts. Patients in Grade Ⅰ and in Grade Ⅱ with Type B had more cysts in deep sites within the liver parenchyma, which could not be treated during operation, therefore those patients had a high rate of symptom recurrence. Cysts in Grade Ⅲ patients can be resected or fenestrated effectively during operation, leading to less symptom recurrence. So we recommend a new classification to predict the postoperative complications and long-term outcome of patients with APLD. This classification still needs to be validated in the future.
We had two patients who received laparotomic fenestration and one patient received laparoscopic fenestration previously. They had symptom reoccurrence 99, 67 and 53 mo after operation, and received combined liver resection and fenestration. They are living well asymptomatically. But in these patients, more intense intra-abdominal adhesions posed technical difficulties [28] . Their complications were severe after operation, including one that had abdominal hemorrhage, and one that had severe ascites and bile leakage. The patient who underwent laparoscopic fenestration previously had an abdominal hemorrhage in the right lobe, due to tight adhesion of the cyst wall with the diaphragm, where a small artery was not ligated after stripping. Hemorrhage occur red when blood pressure was retur ned to normal after operation. For these patients, combined fenestration with resection still can be considered as the choice of treatment, but their operation should be performed by experienced surgical teams due to their severe postoperative complications. Liver transplantation as a treatment for APLD may be another good way to treat APLD, but it has a limited role due to the shortage of liver donors and severe postoperative complications. Two large studies reported by Lang et al [24] and Pirenne et al [25] reported the outcomes of liver transplantation in 17 and 16 patients respectively. The former reported 5 deaths (29%) and the latter reported 2 deaths (12.5%). The mortality they reported is higher than that in patients who received combined fenestration procedures. Patients with APLD who receive liver transplantation are placed on immune suppression therapy, and therefore do not have a "normal immune system." Immune suppressants have many side effects on patients with liver transplantation, and after operation they still need much attention to sustain the state of immune suppression to avoid graft rejection. Starzl and his colleagues described the "syndrome of lethal exhaustion" as the major indication to consider when offering transplantation to these patients [38] . We fully agree that liver transplantation should be used for patients with cachexia, weight loss, portal hypertension, refractory ascites, liver insufficiency or associated with severe kidney disease [24, 25, 39, 40] . Liver resection and fenestration of the remnant liver are more effective than fenestration and less invasive than liver transplantation, combined liver resection and fenestration should be considered as the choice for treatment for APLD.
COMMENTS

Background
Autosomal dominant polycyst liver disease (APLD) is a rare disorder usually associated with autosomal dominant kidney disease with an increasing prevalence associated with age and female sex. Symptoms usually arise from liver enlargement and compression of adjacent organs. Surgical therapies include laparoscopic fenestration, open fenestration, liver resection and fenestration, and liver transplantation, what is the optimal treatment is still under dispute.
Research frontiers
The study analyzed and summarized the author's clinical experiences in recent 12 years in the treatment of APLD and in an attempt to propose some practicable guidelines, and suggested a new classification to presume postoperative complications and long outcome of each patient.
Innovations and breakthroughs
Combined hepatic resection-fenestration is a good choice for the treatment of highly symptomatic adult polycystic liver disease. According to the author's classification, postoperative complications and long outcome of each patient can be predicted before surgery.
Applications
The study provides some practicable guidelines for the treatment of APLD, and according to the author's classification, postoperative complications and long outcome of each patient can be predicted before surgery.
